Okayamalite, Ca 2 SiB 2 O 7 , was identified in a skarn sample from the Arendal district, Sørlandet, Norway, associated with datolite, calcite, apophyllite, and chlorite. The chemical composition was determined by analyzing both heavy (Ca and Si) and light (B and O) elements using an electron microprobe: the empirical formula based on seven O atoms is Ca 1.96 Si 0.97 B 2.07 O 7.00 . TEM investigation revealed that okayamalite is intergrown on a fine scale with amorphous silica, giving rise to a complex interpenetrating structure at the scale of few hundreds angstroms. Okayamalite probably was formed by a desilication-dehydroxylation process of the associated datolite.
INTRODUCTION
Okayamalite, Ca 2 SiB 2 O 7 , was first found at the Fuka Mine, Japan, in a vein-like skarn consisting mainly of vesuvianite, calcite, and wollastonite, closely associated with datolite and other undetermined borates (Matsubara et al. 1998 ). The chemical composition and powder X-ray diffraction (XRD) pattern of okayamalite closely resemble those of both the synthetic compound Ca 2 SiB 2 O 7 (Bauer 1962 ) and B-melilite obtained by heating datolite CaBSiO 4 (OH) (Tarney et al. 1973; Kimata 1978) . The structure of datolite consists of sheets of cornerlinked SiO 4 and BO 3 OH tetrahedra separated by sheets of Ca cations coordinated by 8 anions (Foit et al. 1973) . On the whole, the structure resembles the atomic arrangement found in minerals of the melilite group (Smith 1953) . It is not surprising, therefore, that the transformation of datolite to okayamalite shows a high degree of topotaxy (Tarney et al. 1973) . For this reason, we investigated a number of datolite-bearing samples by means of optical and roentgenographic methods. This paper deals with the chemical and microtextural characterization of okayamalite found in a sample from Arendal, Norway.
OCCURRENCE AND SPECIMEN DESCRIPTION
Okayamalite was obtained from a skarn sample from the Arendal district, Sørlandet, Norway (Museum of Natural History of the University of Florence, catalog no. 2662/I). Arendal is a well-known mining district that has long been exploited for skarn-type iron ores. The skarn was formed by metasomatic processes in pre-Cambrian limestones, in association with orogenetic intrusion of igneous rocks that range in composition from diorite to granite (Bugge 1940) . The ore deposit consists mainly of magnetite, with a lesser amount of hematite. Skarn minerals include: garnet, titanite, vesuvianite, epidote, zoisite, clinopyroxene, amphibole, rhodonite, phlogopite, biotite, datolite, serpentine, scapolite, analcime, and babingtonite (Bugge 1940) .
Okayamalite occurs in a vein sample that consists mostly of large (up to 6 mm) euhedral crystals of datolite and, to a lesser extent, calcite, apophyllite, and a chlorite-group mineral. Okayamalite forms millimeter-sized aggregates that are transluscent and milky white in color, often resembling prismatic single crystals. The aggregates typically occur in small interstices among the large crystals of datolite. No macroscopic evidence for the datolite-okayamalite reaction was observed. Selected grains were characterized by powder XRD methods using a Philips diffractometer with CoKα radiation. Table 1 reports the diffraction data of okayamalite from Arendal; the XRD patterns are similar to those given by Matsubara et al. (1998) for the holotype specimen. All reflections were indexed and unit-cell parameters were refined by means of least-squares methods [a = 7.1343(3) , c = 4.8240(3) Å]. A broad feature observed approximately at 2θ (CoKα) ~ 25.9° (d ~ 4 Å) may be due to an amorphous phase present in our sample. Its position is consistent with that of amorphous silica, as reported in Mozzi and Warren (1969) . Accordingly, okayamalite is the only crystalline phase present in the powder studied.
CHEMICAL COMPOSITION
A fragment of okayamalite was analyzed by wavelengthdispersive methods (WDS) using a Jeol JXA-8600 electron microprobe. No elements with Z > 9, other than Si and Ca, were detected by a preliminary 300 s energy-dispersive scan. Boron and O contents of okayamalite were also determined with the electron microprobe. Particular care was given to problems concerning the acquisition of light-element data. Due to the almost perfect overlap of the first-order ClLl and ClLn lines with the BKα line, the absence of chlorine, already assumed on the the basis of preliminary EDS analysis, was verified by WDS. The Ca and O peaks (2 nd -order CaLα and CaLβ lines, and 3 rd -order OKα line) interfering with the BKα line were cut off by choosing a narrow window in the pulse height analyzer configuration (McGee and Anovitz 1996) . The positions of B and O were always repeaked on the analyzed sample (both standard and unknown) to compensate for peak shifts.
Analytical conditions were an accelerating voltage of 10kV and a beam current of 150 nA. The standards used were diopside for Ca and Si, quartz for O, and synthetic boron nitride for B. A specimen of datolite (Museum of Natural History of the University of Florence, catalog n. 77/I) was carbon-coated together with the okayamalite sample, and was analyzed to verify instrument parameters. Long counting times (the same times on peak and on background) were used to improve statistics: 30 s for O, 60 s for Ca, and 90 s for B and Si. To reduce the unavoidable electron-beam damage and contamination effects on the sample surface, a 20 µm spot size was used. The operating conditions yielded net-peak counting precision statistic better than 0.5% for O, Ca, and Si, and better than 2% for B. The raw data were reduced using the ϕ(ρz) correction routine in the Tracor-Northern system of programs (Bastin et al. 1987) .
The experimental results are given in Table 2 . The composition of the okayamalite sample (column 1) differs from that expected for pure okayamalite (column 4), although the instrumental configuration was confirmed using the datolite specimen (columns 2 and 3). The composition obtained for the okayamalite specimen matches the calculated composition for a mixture of Ca 2 SiB 2 O 7 plus SiO 2 with a 1:1 molar ratio (column 5). Chemical data thus indicate that okayamalite is intermixed with silica (amorphous, on the basis of XRD data), in an approximately 1:1 ratio. Several backscattered electron images and X-ray maps (both WDS and EDS), acquired with high spatial resolution and long acquisition times, failed to show the presence of two phases. The wide range (column 1, 
TEM INVESTIGATION
To investigate the proposed intergrowth of okayamalite and amorphous silica, we investigated the okayamalite sample using transmission electron microscopy (TEM). The TEM studies were carried out using a Jeol JEM 2010, an accelerating voltage of 200 kV, a ultra-high resolution (UHR) pole piece, and a point-to-point resolution close to 1.9 Å (the electron probe can be focused down to 100 Å in diameter). The microscope is equipped with a semi-STEM system and an energy dispersive spectrometer (EDS-ISIS Oxford, superthin window).
A small amount of okayamalite (the same specimen used for the powder XRD study) was dispersed onto Cu mesh grids (300 mesh, 3 mm in diameter) that had been previously covered by a thin carbon layer (support film). The powdered grids were further coated by carbon.
The sample consists of a fine intergrowth of crystalline okayamalite and amorphous silica on a scale of a few hundred angstroms (Fig. 1) , below the limit of optical and microprobe resolution. On the basis of TEM-EDS data and selected area electron diffraction (SAED) patterns, dark-contrast areas (labeled a in Fig. 1 ) have been identified as crystalline okayamalite. In contrast, the low-contrast homogeneous areas (labeled b in The EDS data indicate that this amorphous phase corresponds to silica (only Si and O peaks in the EDS spectra). The amorphous silica is characterized by a grainy texture that can be easily distinguished from the grainy texture of the carbon film (labeled c in Fig.1 ). Amorphous silica and crystalline okayamalite are present in roughly equivalent amounts, in agreement with the 1:1 ratio derived from WDS data. The intergrowth may appear as a quite regular sequence of amorphous layers and crystalline layers, typically 350-450 Å thick and elongated parallel to okayamalite [001] , but in most cases it appears as a complex, interpenetrating random intergrowth, unrelated to the okayamalite crystallographic orientation. Okayamalite grains typically show irregular, lobate shapes, such that the intergrowth often resembles a "graphic texture"; the overall texture suggests crystallization under non-equilibrium conditions. Different crystal orientations of okayamalite have been investigated. In particular, we collected electron diffraction patterns corresponding to the 
ORIGIN
The sample of okayamalite from Arendal consists of finely interpenetrated intergrowths of crystalline okayamalite and amorphous silica. Electron microprobe analysis indicates that the ratio of the two phases is approximately 1:1. Taking into account the experimental work by Tarney et al. (1973) , it seems reasonable to assume that okayamalite was formed by a desilication-dehydroxylation process involving datolite. This reaction could occur under non-equilibrium conditions, as inferred from the irregular lobate-shaped texture and from the presence of metastable non-crystalline silica. However, the occurrence of unaltered euhedral crystals of datolite in the same sample casts some doubt on this genetic interpretation.
